This paper presents a case study for selection of Wind Turbine Generator (WTG) system based on higher reliability and economic viability. The methodology consists of evaluation of reliability, initial cost and payback period for three different hub heights of WTG system. Total reliability is calculated considering power output and components failure of WTG system. Initial cost estimation includes the land cost, permission cost, machine cost and hub height tower cost. Payback period of WTG system is estimated considering initial cost, maintenance cost and energy cost. Wind speed data from Kappadgudda wind site, Gadag, Karnataka, India is considered for the study. Reliability analysis and cost evaluation are done for seven different types of turbines at 30m, 50m and 70m hub height of WTG system. A load curve from Rampur power station, Karnataka is considered for the study. It is found from the analysis that NEPC MICON type of turbine is found to be more reliable and economical for the considered site. The proposed methodology helps financial investors to select more reliable and economical WTG system for a site.
INTRODUCTION
Utilization of wind energy source can significantly meet the load demand but have considerable impact on system reliability. The intermittent nature of the wind energy, WTG components failure, site selection, proper matching of WTG system to the site needs reliability evaluation. The study of reliability and cost evaluation is of more importance as wind penetration in power system continues to increase.
Reliability assessment decides penetration level of wind energy and wind turbine characteristics like cut in speed, rated speed, cutout speed, rated power and hub height.. Many studies on site potential evaluation by computing the arithmetic mean, root mean and cubic mean are done. Weibull and Rayleigh distributions are used to statistically model the wind speed distributions [1] [2] [3] . Proper selection of WTG for a site is studied considering many sites. Annual and monthly capacity factors are evaluated at different hub heights of WTG system [4] [5] . A study is carried out to estimate optimum speed parameter of WTG system for Indian site using normalized power curve [6] .
Monte Carlo simulation method is utilized in adequacy assessment of generation systems containing wind power. Analysis on wind power modeling and reliability assessment of WTG system are proposed [7] [8] . This includes the assessment of reliability indices like LOLE, LOEE, FLOL and ENSI. A simulation model for reliability evaluation of small stand alone wind energy systems operating with battery storage is presented [9] . Here time series model is utilized to generate hourly wind speed, which recognizes the chronological characteristics and correlation of the site. The state of battery is included in the reliability analysis. A simple six step wind speed model for any geographical location is presented for reliability assessment [10] . The reliability index LOLE is computed for a different percentage of wind power penetration.
Even though sufficient work is done on reliability and cost analysis of WTG, the literature does not give work considering different hub heights including components failure aspects. In this regard a study has been taken up for reliability and cost analysis of WTG system with different hub heights including the components failure. This paper presents the economic selection of WTG system for the site for higher reliability. The reliability is computed based on the output power at different hub heights and components failure rate of WTG system.
WIND SPEED MODEL
The proposed wind speed model can be defined in terms of the following equation. Considering three years wind speed data, daily wind speed for the fourth year is calculated as ( )
Where, V m is the mean of (n -1) observed wind speed in m/s. V n is the wind speed for the n th year in m/s. V 1 is the first year wind speed in m/s.
Wind speeds at hub height h 2 meter in the same vertical plane is calculated by the power law [3] as,
Where α = 0.14, is the power law index. Using equation (1) and (2), daily wind speeds at different hub heights are determined. Average mean wind speeds for the respective months are computed using the following equation, 
OUTPUT OF WIND TURBINE GENERATORS
The daily and monthly power output can be obtained from the simulated wind speeds at different hub heights using power output equation expressed in terms of cut in, rated and cut out wind speeds. [7] P e = 0 0
The constants A, B, C are calculated [8] using,
Where V ci , V r , V co , P R are the cut-in speed, the rated speed, the cut-out speed in m/s and the rated power in kW respectively.
RELIABILITY
Reliability depends on the proper selection of WTG system for a site. This can be achieved by evaluating the reliability of output power and components reliability of WTG system. To create a capacity model including wind turbine generators, the daily and monthly wind speeds at different hub heights are calculated from equations (1), (2) and (3) . Also the output power of WTG systems is calculated using (4) and (5) . In this approach reliability of output power of WTG system is estimated by knowing the failure rate to meet the load demand in kW and is given by R o = e -λt (6) . Whre λ = failure rate = number of failures to meet the Load demand/total number of samples. t = time period considered
The electrical power and reliability calculations are done for selected number of turbines which meets maximum demand of that particular month,
Where N = No. of turbines selected.
COMPUTATION OF TOTAL RELIABILITY CONSIDERING WTG COMPONENTS FAILURE.
Variation in the output power with respect to wind speed and failure in the components of WTG system decides the total reliability of WTG system. Failure rate of Yaw Bearing, Tip-Break, Generator, Gear Box, Tower and Hub are considered for analysis. The failure rate data for NEPC, Vestas and Enercon are found from the Hanamsagar and Kappatagudda wind sites, Karnataka. India.
Failure of any of these components in the WTG system leads to cut in power to load, so the reliability of all these components are considered in series combination and reliability R C is calculated using,
Total reliability R of WTG system is computed from,
A computer program is developed as per the algorithm of flow chart in Fig1. 
ESTIMATION OF COST AND PAY BACK PERIOD
It is evident that reliability and economics play a major integrated role in the decision making process of selection of WTG system for a site This requires a study on reliability, initial cost estimation, and payback period of WTG system. This study has been carried out considering seven different types of WTG systems.
Total initial cost is given by
C L = 10 * P r * N
C m/c = 450 * P r * N
Where C L is the land cost, C P is the total permission cost which includes environmental department permission cost (C P1 ), energy department permission cost (C P2 ), electrical inspectorate cost (C P3 ), and C m/c is the machine cost. Tower erection cost is included in machine cost for 30m hub height WTG system, and is added separately for 50m and 70m hub height WTG system. One meter length tower costs one lakhs rupees.
Fig. 2: Flowchart of WTG System Cost Analysis
Total maintenance cost is considered to be one percent of the energy cost given by,
Energy cost T E in (12) is calculated using,
T E = Rs 3.30 * Pew (in kWh) for one year (13)
The methodology to compute the total cost of the WTG system is given by the flow chart shown in Fig.2 .
RESULTS
The monthly load profile of a feeder located in Rampur, Karnataka, India, is used for the study. The load data is given in Table- 1. Annual peak load is 240 kW during the august month. Reliability analysis is done considering the seven types of turbines and their specifications are listed in Table-2. Total reliability of WTG system is evaluated considering the output power for one year and components failure rate to meet the load demand. Components failure for NEPC, VESTAS and ENERCON WTG systems are found directly from the wind site shown by shaded portion. Average failure rate and reliability of WTG components is computed using mat lab and given, Components reliability (R C ) of WTG system from Table-3 is equal to 0.9515. Reliability of wind energy R o and reliability of WTG components R C together constitute total reliability of WTG system given by equation (10) . Total reliability is computed for selected number of turbines at different hub heights, 30m, 50m and 70m, of WTG system. Total number of turbines selected for reliability evaluation is decided by the total power output of WTG system to match the maximum load demand of august month. For this selected number of turbines total power for all 12 months is calculated and reliability is evaluated. The number of turbines selected varies with increase in hub height of WTG system as the output power varies with increase in hub height. Fig 3 represents initial cost in lakhs and payback period in years for seven different types and at three different hub heights of WTG systems. For the selected number of WTG systems to meet maximum load demand of 240 kW, for August month, the total reliability is evaluated and is equal to 0.4494. The number of WTG systems selected to meet the maximum load demand varies with respect to the hub height of WTG system and is calculated for seven different types. The respective initial cost and PBP at 30m, 50m and 70m hub height are evaluated and the graph for initial cost and PBP are plotted for seven types of WTG systems. Figure 4 represents graph for reliability and payback period for seven types of WTG system. The study reveals that type 3 WTG system has lowest PBP for higher reliability. Type 6 WTG systems is considered next to type 3, and has PBP of 4.85, 4.19 and4.04 years at 30m, 50m and 70m hub height of WTG system respectively.
From the analysis NEPC-MICON type WTG system is preferred for cost effective reliable operation for the considered site. The next preferred one is NORD TANK type of WTG system.
CONCLUSION
Reliability and cost estimation is required to decide the wind energy penetration in power system and WTG system selection for the site. The cost effective reliable selection of WTG system for selected site is presented. The study is done considering seven different types of WTG systems. For a given load characteristics an algorithm is developed to evaluate the reliability, initial cost and payback period. Total reliability includes the reliability of output power and failure rate of components of WTG system. The analysis is carried out for 3 different hub heights 30m, 50m and 70m of WTG system. From the analysis NEPC-MICON type of WTG system is preferred for the site. For the study wind speed data from Kappatagudda wind site, Gadag is considered. The work is carried out in MATLAB.
